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K. Tiesenhausen,1* M. Hessinger,1 P. Konstantiniuk,1 M. Tomka,1 A. Baumann,1
M. Thalhammer1 and H. Portugaller2Departments of 1Vascular Surgery, and 2Radiology, University Hospital Graz, Graz, AustriaObjective. The purpose of this study was to evaluate the outcome of patients with stented abdominal aortic aneurysms who
had to undergo open aneurysm repair with partial or total stent-graft removal.
Methods. Between October 1996 and December 2003, 117 patients with abdominal aortic aneurysms underwent
endovascular repair. When open surgery was necessary during the initial and same anaesthesia as stent-graft implantation,
it was defined as immediate conversion. When conversion was performed during a second anaesthesia, we defined it as late
(acute or elective) conversion.
Results. A total of 33 patients underwent conversion to open surgery. In 7 (6%) patients, immediate conversion was
necessary due to stent-graft misplacement and obstruction of the renal arteries (nZ4), type Ia endoleaks (nZ2) and stent-
graft dislocation into the aneurysm sac (nZ1). During a mean follow-up period of 39.6 months (min 0.03 months, max 80.4
months), 26 (23.6%) of the remaining 110 patients underwent late conversion to open surgery for endoleak (nZ12), rupture
(nZ6), thrombosis (nZ4), graft fatigue (nZ2), aorto-duodenal fistula (nZ1), and recurring peripheral embolisms (nZ1).
The mortality of acute conversion was 38% (5 of 13). Elective conversion did not lead to any mortality.
Conclusion. Acute conversion of stented abdominal aortic aneurysms is associated with a high mortality. Elective stent-
graft explantation with open aortic reconstruction is a safe but complex procedure.Keywords: Abdominal aortic aneurysm; Failed stent-graft; Conversion.Introduction
Endovascular surgery is commonly employed to treat
abdominal aortic aneurysms (AAA).1–6 Despite
improved endograft design and good short- and
midterm results, complications particularly with the
first generation stent-grafts occur more frequently
with increasing follow-up, sometimes requiring open
surgery with stent-graft explantation.7–9 There have
been few single center studies of the outcome of
conversion to open surgery following endoluminal
AAA repair.1,2,7–16 In this study we report our results
in 33 patients converted to open surgery and analyse
the effect of immediate and late conversion on the
clinical outcome.ing author. Prof Dr Kurt Tiesenhausen, MD, Depart-
ular Surgery, University Hospital Graz, Auenbrugger-
Graz, Austria.
: kurt.tiesenhausen@meduni-graz.at
0036 + 06 $35.00/0 q 2005 Elsevier Ltd. All rights reserMethodsPatients and data collection
From October 1996 to December 2003, 114 patients
with AAAs, as well as three patients with proximal
anastomotic aneurysm after open aortic reconstruction
(nine female, 108 male, mean age 71.8 years), were
treated by endoluminal stent-graft implantation. This
corresponds to 27.8% of all patients with AAA treated
during that period. Different stent-graft types were
used: 32 Vanguardw (Boston Scientific, Natick, MA.),
47 Talentw (Medtronic, Sunnyvale, CA), 21 Excluderw
(WL Gore, Flagstaff, AZ) and 17 Zenithw (Cook Inc.,
Bloomington, IN) stent-grafts. All surgical procedures
were performed under general anaesthesia in a
radiological operating theatre by an interdisciplinary
team including vascular surgeons and interventional
radiologists. All patients underwent contrast
enhanced computed tomography (CT), plain abdomi-
nal radiography and clinical examination 3, 6 and 12
months after surgery and thereafter once a year.Eur J Vasc Endovasc Surg 31, 36–41 (2006)
doi:10.1016/j.ejvs.2005.08.027, available online at http://www.sciencedirect.com onved.
Table 1. Patient demographics
Characteristics Primary (acute)
conversion
Secondary (acute)
conversion
Secondary (elective)
conversion
P
Mean age (year) 75.3 (68.4–83.5) 71.7 (62.9–77.6) 67.6 (50.6–79.7) .11
Sex (male/female) 7/0 5/1 17/3 1.0
Cardiac disease 57.1% 50% 31.6% .27
Hypertension 71.4% 33.3% 52.6% 1.0
Diabetes mellitus 14.2% 0% 10.5% 1.0
Hyperlipidemia 28.6% 50% 57.9% .48
Renal disease 14.2% 33.3% 10.5% .36
Pulmonary disease 42.8% 50% 10.5% .035
Tabacco use 71.4% 100% 68.4% .26
Body-mass index 26.6 25.4 27.5 .20
ASA class
II 1 0 2 1.0
III 1 3 8 .72
IV 5 3 10 .72
Conversion of Aortic Stent-grafts 37Patient data were collected prospectively and eval-
uated statistically. The patients’ risk factors are shown
in Table 1. The types and configurations of stent-grafts
used in the converted patients are listed in Table 2. The
open converted patients were divided into three
groups: when conversion to open surgery was
necessary during the initial and same anaesthesia as
stent-graft implantation, it was defined as immediate
conversion. When conversion was performed during a
second anaesthesia, we defined it as late (acute or
elective) conversion. The average diameter of the
aneurysms was 6.5 cm (min 4.0 cm, max 9.1 cm)
without significant difference between the three
groups. Means of continuous variables were
compared by Mann–Whitney U-test, frequencies
of categorial variables by using the Fisher testTable 2. Characteristics of stentgraft explantation and open repair
Immediate conversion Late
Graft type
Tube 1 0
Bifurcated 6 6
Vanguard 2 3
Talent 4 2
Zenith 1 0
Excluder 0 1
Approach
Transperitoneal 7 6
Retroperitoneal
Thoracolaparotomy
Aortic cross clamping
Infrarenal 4 6
Suprarenal 2
Supraceliac/thoracic 1
Stent-graft transection
Implanted graft type
Bifurcated graft 5 2
Tube graft 2 4
Operating time (min) 162 (120–200) 157 (9
Aortic clamping time 29–63 min (mean 50 min) 38–72
Autologous blood returned 729 ml (200–1200) 1867
Intensiv care staying (days) 5.6 (2–18) 22.3 (
Hospital stay (postoperative) 15.1 (3–36) 26.7 ((acute versus elective conversions). P-values below
0.05 were called significant.Surgical technique (Table 2)
Open surgery was usually approached via a median
laparotomy, except in four cases when a left retro-
peritoneal (nZ3) or thoracoabdominal (nZ1)
approach was chosen. After exposure of the aneurysm,
the abdominal aorta was usually cross-clamped
infrarenally at the site of the stent-graft using a
padded clamp. In 3 (9%) patients who required
revascularization of their renal arteries or had no
infrarenal aortic neck, temporary suprarenal clamping
was necessary. In one patient the thoracic aorta was(acute) conversion Late (elective) conversion P
5
15
12
6
2
0
16
3
1
18
1
1
13
5
15
0–210) 167 (110–300) 0.90
min (mean 51 min) 18–65 min (mean 39 min) 0.01
ml (200–5000) 576 ml (200–2000) 0.037
2–61) 3.1 (1–13) 0.01
7–61) 12.8 (7–23) 0.39
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Table 3. Additional procedures during surgical conversion
Immediate
conversion
Late (acute)
conversion
Late (elective)
conversion
Packing 2
TE iliac artery 2 1
TE hypogastric
artery
1 1
Duodenal closure,
omentoplasty
1
EE femoro-popliteal 2
TE(A) renal artery 2
ITACrenal artery
stenting
1
Femoropopliteal
bypass
1
Aortofemoral bypass 1
Aortorenal bypass 1
K. Tiesenhausen et al.38clamped for repair of a suprarenal aneurysm. In all
immediate conversions, the stent-graft could be
removed completely by manual compression of the
aorta and temporary opening of the infrarenally
positioned aortic clamp. In one patient with bilateral
renal obstruction by a Zenithw stent-graft, the aorta
was temporarily clamped above the celiac trunk for
some minutes to loosen the anchoring hooks and was
repositioned infrarenally thereafter. In 13 patients
(13 of 25; 52%) the proximal part of the stent-graft
body was left in situ during the late conversion, and
was incorporated subsequently in the central suture
line (Vanguardw 8x, Talentw 3x, Zenithw 2x). In two of
these patients, both iliac limbs of the stent-graft were
retained as well. Wire cutting instruments were used
for transection of the endoprosthesis if necessary, but
whenever possible, the stent struts were divided
where they were connected with sutures to avoid
retaining of any sharp stent struts in the aorta. One
further patient with a proximal anastomotic aneurysm
after open aortic reconstruction, which was excluded
with a stent-graft, developed a suprarenal aneurysm.
During late conversion, the positioned stent-graft
was retained completely and included in the distal
suture line.Table 4. Indication and mortality for immediate conversion
Indication Number of
cases
Mortality
(cause)
(%)
Renal artery
occlusion
4 1 (myocardial
infarction)
Endoleak type Ia 2 1 (myocardial
infarction)
Stent-graft
migration
1
Total 7 2 28.5Results
A total of 33 patients (29 male, four female, mean age
70.1 years, min 50.6, max 83.5 years) required
immediate or late open aortic reconstruction with
complete or partial stent-graft explantation (Table 2).
Reconstruction using a tube graft was performed in 21
(63.6%) patients. In 12 (36.4%) patients a bifurcated
prosthesis with iliac or femoral connection
was implanted. In one further patient the kinked
stent-graft led to an erosion of the aneurysmal wallEur J Vasc Endovasc Surg Vol 31, 1 2006and the duodenum, resulting in an aortoduodenal
fistula.
Average operating time (deducting the time of the
interventional procedure in immediate conversions)
was 164 min (min 90, max 300 min). The mean
infrarenal aortic cross-clamping time was 44 min
(min 18, max 72 min). The duration of renal ischemia
during supraceliac or suprarenal clamping was a
mean of 12 min (min 5, max 16 min). The volume of
autologous blood recovered with a Cell-saver was a
minimum of 200 ml and a maximum of 5000 ml
(average 851 ml). In patients with immediate conver-
sion the dose of contrast medium was a mean 130 ml
(min 60 ml, max 150 ml), the endovascular operating
time until conversion was a mean of 118 min (min 55,
max 160 min).Additional procedures (Table 3)
During open aortic reconstruction with complete or
partial stent-graft explantation, 16 additional pro-
cedures were necessary in 15 (45.5%) of 33 patients:
thromboembolectomy of iliac, femoral or popliteal
arteries (nZ7), revascularisation of renal arteries
(nZ3, transluminal thrombendarterectomy, throm-
bectomy, intraoperative transluminal stent implan-
tation), release of abdominal compartment syndrome
(nZ2), aortorenal bypass (nZ1), aortofemoral
bypass (nZ1), femoropopliteal bypass (nZ1) and
duodenal closure with omentoplasty (nZ1).Immediate conversion
The indications and results of immediate conversions
are summarized in Table 4. In four patients inter-
ventionally noncorrectable uni- or bilateral obstruc-
tion of renal arteries occurred: in three cases, a severe
angled or short (!1 cm) aneurysmal neck was present,
in one patient bilateral renal artery obstruction
occurred when sealing a type Ia endoleak using a
proximal cuff. During open surgery, a transluminal
thrombendarterectomy (TEA) or thrombectomy (TE)
of the renal arteries was necessary in two of the
Table 5. Indication and mortality for late conversion
Elective/acute Indication Cases (NZ26) Time to conversion
(month)
Mortality (cause) %
Elective 42.1 (0.03–80.4)
Endoleak 12
Graft thrombosis 4
Peripheral embolies 1
Aortoduodenal fistula 1
Prophylactically 2
Total 20 0
Acute Rupture 31.3 (0.03–61.5)
Endoleak Ia 2 myocardial infarction 1x
Endoleak Ib 2 myocardial infarction 1x
Endoleak III 1 multiorgan failure 1x
Endotension 1
Total 6 3 50
Conversion of Aortic Stent-grafts 39patients. In one further patient, a dissection of the
renal artery required stent implantation after complet-
ing the open aortic reconstruction. In two patients,
immediate conversion was performed due to a type Ia
endoleak. In one case of a reverse tapered aneurysmal
neck, distal migration of the endoprosthesis into the
aneurysmal sac followed by thrombosis occurred. Two
patients died postoperatively due to myocardial
infarction (mortality 28.5%).Late acute conversion (Table 5)
In six patients (one outside stented patient), aneurysm
rupture occurred after an average of 31.3 months (min
0.03, max 61.5 months) after stent-graft implantation
despite complete follow-up (Vanguardw 3x, Talentw
2x, Excluderw 1x). One patient with a ruptured
aneurysm due to type III endoleak was treated
interventionally and underwent elective conversion
at a later date. One further patient with a retro-
peritoneal aortic rupture and simultaneous acute
myocardial infarction was treated by stent-graft
implantation. Although complete aneurysm exclusion
in the final angiography was demonstrated, the
patient suffered a type Ia endoleak and a free
aneurysmal rupture with severe hemorrhagic shock
10 h later, presumably caused by an increased blood
pressure. Three of the six patients with acute rupture
and emergency surgery died postoperatively due to
multiorgan failure or myocardial infarction (mortality
50%). Two of the surviving patients required tempor-
ary dialysis due to postoperative renal failure.Late elective conversion (Table 5)
Twenty patients underwent elective late conversion to
open surgery. We performed a total of 24 reinterven-
tions on 16 patients prior to late conversion.Indications for open surgery were determined in
consensus with vascular surgeons, interventional
radiologists and after comprehensive discussion with
the patient and their relatives, if a solution could not
be achieved with interventional methods. Patients
with implanted Vanguardw stent-grafts, who were
urged to undergo prophylactic conversion to open
reconstruction, are included in this group. The interval
between stent-graft implantation and open surgery
was a mean of 42.1 months (min 0.03, max 80.4
months). All patients survived surgeryStatistical analysis
No significant difference regarding the risk factors or
duration of surgery was found in the three groups.
Blood loss (PZ0.037), aortic clamping time (PZ0.01),
ICU stay (PZ0.01) and mortality (PZ0.005) were
greater in the group of patients with ruptured
aneurysms and late, acute conversion (Table 2).Discussion
The open conversion rate in our patient series is
relatively high (32 of 117; 27.3%, one outsided stented
patient). Seventeen of the explanted stent-grafts were
of Vanguardw type, in six patients a tube endograft
failed. The poor results of tube endografts and in case
of Vanguardw stent-grafts desintegration caused by
loosened sutures, dislocation or thrombosis of the
limbs due to extreme kinking resulting in endoleaks
and other complications confirm the experiences of
other study groups.1,4,11,12 In contrast to other reports
no stent-graft infections were observed in our
patients.1
Despite careful follow-up examinations and rein-
terventions aneurysm rupture could not be prevented.Eur J Vasc Endovasc Surg Vol 31, 1 2006
Fig. 2. Postoperative 3-D reconstruction CT after partial
stent-graft explantation and aortic tubing, the proximal part
of the stent-graft and the iliac limbs were retained.
K. Tiesenhausen et al.40Therefore, we decided to consider all still living
patients with Vanguardw prostheses for open conver-
sion. Patients with justifiable surgical risks, who
already had undergone several reinterventions and
showed increasing stent-graft angulation or defor-
mation caused by stent desintegration, were rec-
ommended to undergo prophylactic conversion. In
the case of patient refusal, the follow-up examinations
were decreased to 6 months.
All immediate conversions (seven of 117; 5.9%)
were caused by problems at the proximal anchoring
zone. Most of the obstructed renal arteries or type I
endoleaks occurred during stent-graft implantation in
patients with short or severe angled aneurysmal
necks. These types of patients have recently been
excluded from endoluminal AAA repair. Though all
patients in this series had to be fit and appropriately
prepared for open aortic reconstruction, long operat-
ing times, high doses of contrast medium, clamping of
the suprarenal aorta for revascularisation of renal
arteries, as well as existing risk factors led to a
mortality of 28.5% (two of seven). This corresponds
to the high mortality rate in immediate conversion
reported in the literature.12,13,15
Despite careful follow-up, 6 (six of 117; 5.1%)
patients and one external patient suffered aneurysm
rupture. With one exception the cause was stent-graft
failure. In two Talentw prostheses breakage of the
proximal stent-strut, so-called ‘bare stent’, led to a type
Ia endoleak (Fig. 1). In four patients type Ib or type III
endoleaks with rupture occurred by dislocation andFig. 1. Broken ’bare stent‘ in a Talentw stent-graft causing
endoleak type Ia with aneurysm rupture.
Eur J Vasc Endovasc Surg Vol 31, 1 2006angulation of Vanguardw prosthesis. In one of these
patients, renewed stent-grafting sealed a type III
endoleak. The same patient underwent elective late
conversion 3 months later. Three patients were
admitted in hemorrhagic shock and did not survive
emergency surgery. Three further patients were in
stable condition upon admittance. Due to logistical
reasons an immediate interventional procedure was
not possible. Therefore, acute surgery was performed
on these patients. Acute late conversion because of
aneurysm rupture was associated with a 50% mor-
tality. This outcome is similar to the mortality rate for
primary ruptured aortic aneurysms.14,17–19
Despite the good results of elective late conversion
these patients still need careful follow-up. Whether the
retained stent-graft parts will lead to infections, suture
aneurysms, progressive periaortic inflammation or
other problems after a longer time period cannot be
answered at this point of time. Acute conversion of
stented abdominal aortic aneurysms leads to a
significantly higher morbidity and mortality than is
generally accepted in aortic surgery and must be
included in preoperative patient information as a
serious complication. Late, elective conversion in our
patients proved to be a safe procedure, however, often
requiring additional procedures, an experienced
surgeon and special surgical techniques (Fig. 2). The
retention of stent-graft parts is helpful to reduce the
duration of operating time, to minimize the surgical
trauma and in most cases avoids renal ischemia by
infrarenal aortic clamping. However, whether this
Conversion of Aortic Stent-grafts 41technique causes further, long-term complications
cannot be answered due to the short follow-up period.
Therefore, we recommend annual CT scans for these
patients. Patients with implanted stent-grafts of the
first generation should be monitored very carefully at
shorter intervals, and should be reevaluated for open
surgery if necessary.References
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